Island arc lavas have radium-226 excesses that extend to higher values than those observed in mid-ocean ridge or ocean island basalts. The initial ratio of radium-226 to thorium-230 is largest in the most primitive lavas, which also have the highest barium/thorium ratios, and decreases with increasing magmatic differentiation. Therefore, the radium-226 excesses appear to have been introduced into the base of the mantle melting column by fluids released from the subducting plate. Preservation of this signal requires transport to the surface arguably in only a few hundreds of years and directly constrains the average melt velocity to the order of 1000 meters per year. Thus, melt segregation and channel formation can occur rapidly in the mantle.
The velocity of melt ascent from its source through Earth's mantle and crust to the surface is extremely hard to determine, even though such measurements would place important constraints on the mechanisms of melt transport and the physical behavior of the mantle during partial melting (1) (2) (3) (4) (5) . Disequilibria between the shortlived U-series isotopes can provide estimates of melt velocities and have recently been used to show that mantle melt velocities are too fast for transport to occur by grain-scale percolation mechanisms all the way to the surface. Instead, melt must, at some critical stage, separate into discrete channels (1) (2) (3) (4) (5) . What remains to be determined is how quickly melt moves and at what melt fraction such channels form. The short-lived U-series isotope 226 Ra has a half-life of only 1600 years and can be used to estimate melt velocity and residual porosity (1) (2) (3) (4) (5) . However, recent models for melt formation and transport beneath midocean ridges and ocean islands emphasize that 226 Ra- 230 Th disequilibria is created throughout the melting column and the disequilibria measured at the surface only reflects that produced in the upper portions of the melting column (3) (4) (5) . Thus, although 226 Ra disequilibria in mid-ocean ridge and ocean island basalts (MORB and OIB, respectively) provide important constraints on the residual porosity, they do not place tight constraints on the melt velocity because the depth of origin of the disequilibria is debatable.
No global 226 Ra study has been conducted on island arc lavas since the pioneering investigation of Gill and Williams (6) (8) (9) (10) (11) . Some aspects of these different tectonic regimes are similar, in that melting is initiated at depths of 100 km and the total extent of melting is probably in the range 8 to 15%. However, for MORB and OIB, melting occurs in response to decompression. The 230 Th excesses [i.e., ( 238 U/ 230 Th) Ͻ 1] reflect the greater compatibility of U, relative to Th in residual aluminous clinopyroxene and garnet (12, 13) and have been used to constrain the mantle upwelling and melting rates in these regions (1) (2) (3) (4) (5) Fig. 1 ) (14) (15) (16) (17) (18) (19) (20) (21) (22) . In contrast, melting beneath island arcs is linked to the lowering of the peridotite solidus by addition of aqueous fluids released during dehydration reactions in the downgoing plate (23, 24) , and the role of decompression on melting has proved hard to resolve (25) (26) (27) (45, 46) . This is unlikely to be due to Ra/Th fractionation by crystal-liquid differentiation because Ra and Th remain incompatible elements while the liquidus assemblage is gabbroic (Fig. 2) , although evolved liquids may undergo decreases in Ra/Th as the proportion of plagioclase in the crystallizing assemblages increases (47) 230 Th) o parents, any time estimates would be a maximum and differentiation might be almost instantaneous. Thus, if melts do stall in the crust it is generally for short periods of time (Ͻ8000 years) and it appears that the majority of island arc basalts and andesites spend less than a few thousand years traversing the crust (6, 9, 40) .
The most striking observation is that there is a broad correlation between ( 226 Ra/ 230 Th) o and Ba/Th ratio (Fig. 3) , both globally and within almost every island arc (7, (9) (10) (11) . Radium-226 enrichments in MORB and OIB are typically smaller (14) (15) (16) (17) (18) (19) (20) (21) (22) and occur without accompanying increases in Ba. In island arc lavas, Ba/Th is widely regarded as a diagnostic ratio for identifying the fluid component added from the subducting plate (7) (8) (9) (10) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) . These correlations, combined with the inability of partial melting processes to explain the coupled 226 Ra- 230 Th and 238 U- 230 Th disequilibria (see melting curves in Fig. 1) , suggest that the addition of aqueous fluids was responsible for the 226 Ra- 230 Th disequilibria observed in island arc lavas (6, 7 ) . This implies much faster transfer times for the fluid component, perhaps by hydrofracture (50) , than estimates of 20,000 to 150,000 years based on U-Th disequilibria (8) (9) (10) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) . One explanation is that those interpretations were in error and that U was also added to the wedge very recently (11) . However, in the Tonga-Kermadec arc, time scales derived from both the U-Th and U-Pa systems are in close agreement (27, 42, 43) . An alternative interpretation is that U and Ra were added by fluids that were spatially and temporally separated (7 ), consistent with a general notion that addition of subducted components to island arc sources is a multi-stage process (7) (8) (9) (10) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) . Either way, an inescapable conclusion is that the 226 Ra excesses were produced less than 8000 years ago. In practice, it is probable that they were produced much more recently because, if even a single half-life (1600 years) has elapsed, the primary 226 Ra excesses would have had to have been twice as large (up to 1200%). It is probable, therefore, that only a few hundreds of years have elapsed since the generation of the 226 Ra excesses. A second key point is that the individual arrays on Fig. 3 extend to ( 226 Ra/ 230 Th) o ϭ 1 at variable Ba/Th ratios, which may mean those Ba/Th variations were developed during fluid addition that occurred long enough ago for ( 226 Ra/ 230 Th) o to have returned to secular equilibrium (i.e., Ͼ8000 years ago). More important, because melting models predict that all zero-age MORB and OIB are likely to have some 226 Ra excess (1-5), the island arc arrays would be expected to terminate at ( 226 Ra/ 230 Th) o Ͼ 1 (Fig. 3 ) if there were a ubiquitous decompression melting effect on 226 Ra- 230 Th disequilibria beneath island arcs (51) .
The 226 Ra excesses in island arc lavas appear to have been introduced into their mantle source by fluids. If these fluids are the catalyst for partial melting, they define the base of the melting column and provide a direct constraint on the total melt transit time, which has to be shorter than the halflife of 226 Ra. For total transit times of ϳ100 years, the required source-to-surface melt velocity is ϳ1000 m⅐year Ϫ1 , and this ignores any time taken for fluid transfer from the subducting plate to the melting column. Moreover, because the calculation also includes time spent in the crust (Fig.  2) , the implied velocities through the mantle may be even faster. The estimated velocities require channeled flow rather than grain scale percolation (1-5, 52, 53) and so transient, millimeter-sized veins must form rapidly and deep in the source region. The required melt velocities also limit the amount of melt-wall rock equilibration that (44) . Tonga-Kermadec data here and in Figs. 2 and 3 are from (7, 43) . Lesser Antilles (Ⅲ), Kamchatka (؉), Mariana (}), Vanuatu ({), Sunda (⅙), Philippines (‚), Aleutians (؋), and Bogoslof (R ), which is located north of the Aleutian arc front. Dashed horizontal and vertical lines indicate secular equilibrium. (58) shown (10% crustal addition increments indicated). Symbols are as in Fig. 1 ; dashed horizontal line indicates secular equilibrium.
can take place to create negative niobium anomalies (54 ) or other U-series disequilibria (4, 5) . For example, the development of 231 Pa excesses in island arc lavas (27, 55) by equilibrium porous flow (4, 5) would require a residual porosity Ͻ0.0001% if the small inferred distribution coefficient of Pa (13) is to lead to meltinginduced 231 Pa excesses overwriting fluidinduced 235 U excesses (27, 55) , and mixing may be an alternative.
In conclusion, island arc melting models need to incorporate high melt ascent velocities. Such conditions probably reflect the vigor of fluid-induced melting compared with MORB and OIB, where melting rates are dictated by upwelling rates on the order of a few centimeters per year. However, it may be that these velocities are generally applicable, in which case the long-held notion of basalts migrating slowly through the mantle in interconnected but vanishingly small pore spaces will have to be abandoned. Fig. 1 ; dashed vertical line indicates secular equilibrium.
